The problem of retrieving spatial information of sea surface heights from aerial images is considered. In this paper, some analytical and numerical results that relate the autocorrelation of the surface heights and those of the sun glint patterns are derived. Examples of these results are presented showing the nonlinear technique which can be applied to obtain the power spectrum of a real sea surface using aerial photographs. As a first step, two kinds of roughness spectra are presented: two roughness spectra which describe single-scale surfaces, and the Pierson-Moskowitz power spectrum which describe multiscale surfaces for a fully developed sea. Both simulations are presented in one dimension. However, a single-scale bidimensional surface is analyzed considering a Gaussian roughness spectrum. Wave height spectra are obtained from the surface height autocorrelation via a Fourier transform. The results of the model compared with the theory and the data are in quite good agreement. Under favorable conditions, it is possible to invert the relation numerically and estimate the wave height spectrum from the sun glint data.
INTRODUCTION
The west coast of the Baja California peninsula is exposed to wave motion which inflicts multiple damage. In Todos Santos Bay the waves frequently surpass the breakwater during the winter months, afflicting human settlements along the coast. The complexity of wave motion in deep waters, which can damage marine platforms and vessels, and in shallow waters, same that can afflict human settlements and recreational areas, has given origin to a long-term development in laboratory and field studies, the conclusions of which are used to design methodology and set bases to understand wave motion behavior.
To date, two types of instruments have been used for studying the sea surface: pressure sensors, which are installed below the sea surface, and buoys which are placed over the sea surface.
To measure the wave motion, the use of radar images and optical processing of aerial photographs has been used. The interest in wave data is manifold; one element is the inherent interest in the directional spectra of waves and how they influence the marine environment and the coastline. These wave data can be readily and accurately collected by aerial photographs of the wave sun glint patterns which show reflections of the Sun and sky light from the water and thus offer high-contrast wave images.
Four decades ago, Barber [1954] showed that the periodicity and directionality of waves can be estimated from the optical diffraction pattern of an image of the sea surface. After this pioneering work, photographic techniques have been used by several authors in their attempts to estimate various statistical parameters of sea surface heights.
In a series of articles, Munk [1954a, b, 1955] studied the distribution of intensity or glitter patterns in aerial photographs of the sea. One of their conclusions was that for constant and moderate wind speed, the probability density function of the slopes is approximately Gaussian.
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Paper number 93JC00221. In fact, this problem has not been solved at all. In this paper I derive some analytical and numerical results that relate the autocorrelation of the surface heights and those of the sun glint patterns. Examples of these results are presented showing the nonlinear technique which can be applied to obtain the power spectrum of a real sea surface using aerial photographs. As a first step, two kind of roughness spectra are presented: two roughness spectra that describe single scale surfaces, and the Pierson-Moskowitz frequency spectrum [Pierson and Moskowitz, 1964] I also assume that the surfaces are illuminated by a source, the Sun, of a fixed angular extent,/3, and imaged through a lens that subtends a very small solid angle. With these considerations, I calculate their images, as they would be formed by a signal clipping detector. In order to do this, I define a "glitter function," which operates on the slope of the surfaces.
To test my predictions I have conducted a Monte Carlo type simulation.
Random single-scale surfaces with two different power spectra have been generated in a computer. Their "sun glint patterns" were analyzed for an incidence angle 00 -30 ø, while the detector angle 0d was zero for the two cases. As a second step, a bidimensional surface, Z(x, y) = (100, 100) matrix, was generated for its respective analysis. Spatial increments of 2 cm were used as well as 10 cm of correlation length. Considering the most simplest case, the value used for 00, and 0a was zero. Nevertheless, any value can be used for both angles. In the generation of this singlescale surface, a bidimensional Gaussian roughness spectrum was used. However, for simplicity, an isotropic surface is considered. As a first approximation I describe the glitter function (which describes the sun glint patterns) as a Gaussian function which is in function of Mx and My (slope in x and y directions, respectively). The results presented in the x direction are in quite good agreement with the theory and the data. The same behavior was observed in the y direction.
DESCRIPTION AND ANALYSIS OF THE METHOD
A one-dimensional surface is illuminated by a source S of limited angular extent, and its image is formed in D (Figure 1) . The incidence angle is defined as 00, and the apparent diameter of the source is called/3. Light from the source is reflected on the surface just one time and, depending on the• slope, the light reflected will or will not be part of the image. In broad terms, the image consists of bright and dark regions that I call a "glitter pattern" and I clipped into a two-level signal. The glitter patterns obtained in the image contain spatial information of the surface.
At this point it is pertinent to note that the problem of estimated spectral information from clipped or nonlinearly detected signals has been considered by several authors in the past. In particular, we can mention the pioneering work of Van Vleck and Middleton [1966] , and some recent applications in the context of speckle theory by Pedersen [1984 
From the theory of random processes, we know that with the stated assumptions, the random process M(x) is Gaussian. Then the joint probability density function of slopes at two different positions X l and x2 is given by spectrum for a fully developed sea, and the two-dimensional surface case are described.
Single-Scale One-Dimensional Surface Generation
In order to generate surface height functions Z(x) consistent with a given roughness spectrum and obeying Gaussian statistics, I used the spectral method described by Thorsos [1988] . For the present work, two different spectra were used, Gaussian and rectangle: S l(Kx) l,r 1/2 2 exp , In order to reduce statistical noise in the numerical estimation of C, I averaged over 400 estimated correlation functions, each obtained from a different, but statistically equivalent L(x). We can observe that the C correlations must be very well fitted, because when r increases the relation between C and Q is very sensitive to small errors in the estimation of C. Figure 7 shows the corresponding wave spectra obtained from the heights autocorrelation function. We can observe that for large wave numbers, the results of the inversion process (points) with the spectra obtained from the numerical simulation (dashed line) have a better agreement than with the analytical theory (solid line), because the first one was obtained from the image autocorrelation which was made considering the numerical simulation.
We can see some fluctuations in this result, as only 1024
values from the autocorrelation function were used to obtain such spectra. So these fluctuations can be reduced in the same way that the statistical noise were reduced from the image autocorrelation. from the height autocorrelation function. We can see a small difference only to the end of the slope of the spectra. However, the results of the model are within the 95% confidence interval of the spectra.
Multiscale One-Dimensional Surface Generation

Single-scale Bidimensional Surface Generation
In the same way as the I-D case, the bidimensional surface was generated using the spectral method described by Thorsos [1988] . A bidimensional Gaussian roughness spectrum was also used. I can write 1.000E4 -I 
